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(57) ABSTRACT 

An IC chip comprises a chip peripheral portion and a core 
macro portion. The chip peripheral portion is made up of a 
plurality of I/O buffers each of Which serves as an interface 
betWeen the IC chip and the outside thereof, and a plurality 
of pads to Which bonding Wires are electrically connected. A 
CPU core block, peripheral blocks, random logic blocks, 
and a gate array block are placed in the core macro portion. 
The respective blocks are electrically connected to one 
another by metal interconnections. The gate array block 
designed by a gate array system is layout-designed in 
accordance With a standard cell system or full custom 
system together With other blocks. 
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SEMICONDUCTOR INTERATED CIRCUIT AND 
METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a semiconductor inte 
grated circuit (hereinafter called “IC”) and a method of 
manufacturing it, and particularly to a method of laying out 
respective circuit blocks Which constitute the IC. 

[0003] 2. Description of the Related Art: 

[0004] Acustom IC such as an ASIC (Application Speci?c 
Integrated Circuit) is normally designed by a gate array 
system, an embedded array system, a standard cell system or 
full custom system. 

[0005] In the IC designed by the gate array system, layers 
other than a metal Wiring layer are formed as master slices 
in advance and a plurality of basic cells are provided, 
folloWed by formation of Wiring layers, Whereby the basic 
cells are electrically connected to one another and circuit 
functions constituting a NAN D circuit and an OR circuit can 
be implemented. 

[0006] According to the standard cell system or full cus 
tom system, since dedicated macro cells such as a CPU, a 
RAM or the like comprised of pre-designed circuit blocks 
are used, the area of the IC chip can be less reduced. The use 
of a layout editor or the like in particular alloWs the 
attainment of the minimum area of the IC chip. 

[0007] The embedded array system in contrast to the 
above-described gate array system, standard cell system and 
full custom system has the folloWing characteristics. 
Namely, according to the embedded array system, dedicated 
macro cells such as a CPU, a RAM, etc. are embedded in a 
base array at a design stage of an IC layout. Alayer in Which 
functional elements or devices such as MOS transistors, etc. 
are formed, is formed by using a previously-designed and 
manufactured mask, and each of Wiring layers for intercon 
necting the plurality of functional devices With one another 
is formed over the layer. Incidentally, the Wiring layer is 
normally hereinafter called ]CustomiZed layer[ because it is 
designed for each user. On the other hand, the layer in Which 
the functional devices are formed, is hereinafter called 
[Non-customized layer] because it is used on a general 
purpose basis. 

[0008] OWing to the adoption of the embedded array 
system in this Way, the design and fabrication of the mask for 
forming the non-customiZed layer are alloWed even at a 
stage in Which logic circuits other than the dedicated macro 
cells are not determined. Thus, an IC is formed in a short 
TAT (TurnAround Time) similar to that employed in the gate 
array system in Which the logic circuits are implemented by 
the customiZed layer alone. 

[0009] Even When it is necessary to change a logic circuit, 
only a change in customiZed layer alloWs for such a circuit 
change Without a change in mask for forming the non 
customiZed layer. 

[0010] The dedicated macro cells according to the embed 
ded array system are layout-designed in accordance With, for 
eXample, the standard cell system or full custom system. 
According to the full custom system, each dedicated macro 
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cell is implemented in a narroW area as compared With the 
gate array system. Consequently, the chip area of the IC laid 
out by the embedded array system is smaller than that for an 
IC laid out by the pure gate array system. 

[0011] In the gate array system on the other hand, the IC 
designed by the gate array system normally makes use of a 
large number of general-purpose functional devices so as to 
correspond to a plurality of speci?cations. Therefore, the 
chip area of the IC Will spontaneously increase. 

[0012] While the chip area of the IC designed by the 
standard cell system or full custom system decreases in the 
standard cell system or full custom system as described 
above, the period from the completion of its design to the 
start of fabrication of all the layers of the IC is made long. 

[0013] As those other than the dedicated macro cells, 
so-called design resources such as the macro cells and base 
array designed by the gate array system, etc. are used in the 
embedded array system. Since the macro cells designed by 
the gate array system have high general versatility corre 
sponding to the plurality of speci?cations, they increase in 
scale as compared With the macro cells generally designed 
by the standard cell system or the full custom system. 
Accordingly, the chip area of the IC designed by the 
embedded array system increases as compared With that 
designed by the standard cell system or full custom system 
and hence this eXerts an in?uence on the cost of the chip in 
no small numbers. 

[0014] With the foregoing in vieW, it is therefore an object 
of the present invention to provide a method of manufac 
turing a semiconductor integrated circuit, Which is capable 
of reducing a chip area thereof and being designed and 
manufactured in a short period of time. 

SUMMARY OF THE INVENTION 

[0015] In order to achieve the above object, the present 
invention provides a method of manufacturing a semicon 
ductor integrated circuit comprised of a plurality of func 
tional blocks respectively provided With predetermined 
functions by arbitrarily-placed semiconductor devices, com 
prising the folloWing steps: 

[0016] a ?rst step for placing a basic cell block comprised 
of a plurality of basic cells arranged in line and a plurality 
of functional blocks Within a predetermined area of a 
semiconductor chip; 

[0017] a second step for designing necessary circuits in the 
basic cell block; and 

[0018] a third step for electrically connecting betWeen the 
basic cells lying Within the basic cell block by using inter 
connections. 

[0019] According to the manufacturing method, circuits 
formed by the plurality of functional blocks are ?rst deter 
mined in the ?rst step. Masks corresponding to the deter 
mined circuits can be designed and manufactured. Another 
step for determining a circuit corresponding to the basic cell 
block by using a gate array system can be eXecuted in 
parallel With the design and fabrication of the masks. Thus, 
the time required to complete the semiconductor integrated 
circuit inclusive of the design and fabrication thereof can be 
reduced as compared With the case in Which the design and 
manufacture of the masks are started after all the circuits 
have been determined. 
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[0020] The basic cell block and the plurality of functional 
blocks are may be laid out by a standard cell system. 
Alternatively, they may be laid out by a full custom system. 
According to the method referred to above, the semicon 
ductor integrated circuit can be implemented by a chip small 
in area. 

[0021] If a plurality of basic gates are electrically con 
nected to one another by metal Wiring layers to construct the 
circuit for the basic cell block, then the circuit corresponding 
to the basic cell block in the second step is determined by 
principally designing the metal Wiring layers. Namely, 
masks corresponding to metal Wiring layers for electrically 
connecting betWeen the functional blocks are designed and 
manufactured, and metal Wiring layers for electrically con 
necting the basic cells lying Within the basic cell block are 
formed using the masks in the second step, Whereby all the 
circuits employed in the semiconductor integrated circuit are 
completed. According to the present method, the time 
required betWeen the completion of the design of the semi 
conductor integrated circuit and the completion of the fab 
rication thereof substantially coincides With the time 
required to form the metal Wiring layers. Thus, the period 
during Which the semiconductor integrated circuit is com 
pleted, can be greatly reduced as compared With the prior art. 

[0022] Further, one of the plurality of functional blocks 
can be formed as a CPU core block or memory cell block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the subject 
matter Which is regarded as the invention, it is believed that 
the invention, the objects and features of the invention and 
further objects, features and advantages thereof Will be 
better understood from the folloWing description taken in 
connection With the accompanying draWings in Which: 

[0024] FIG. 1 is a block diagram shoWing a con?guration 
of an IC chip according to an embodiment of the present 
invention; and 

[0025] FIG. 2 is a block diagram illustrating a con?gu 
ration of a gate array block built in the IC chip shoWn in 
FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] Preferred embodiments of the present invention 
Will hereinafter be described in detail With reference to the 
accompanying draWings. In the folloWing description, com 
ponents or elements having functions and structures sub 
stantially identical to one another are identi?ed by the same 
reference numerals and the description of certain common 
elements Will therefore be omitted. 

[0027] It is desirable to adopt the standard cell system or 
full custom system as described above for the purpose of 
reducing the area of an IC chip. As has been practiced by the 
embedded array system in general, a mask used for the 
formation of each non-customiZed layer is designed and 
manufactured prior to (or in parallel With) the formation of 
a customiZed layer so that the TAT can be shortened. 

[0028] In order to previously design and manufacture the 
mask for the non-customiZed layer, the folloWing tWo con 
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ditions must be met. The ?rst condition is as folloWs: It is 
necessary to ?X patterns for functional elements or devices 
such as transistors for constituting each non-customiZed 
layer and avoid changes in patterns after the design and 
fabrication of the mask are started. Further, the second 
condition is as folloWs: Interconnections in each Wiring 
layer used as a customiZed layer are suitably formed in 
association With the non-customiZed layer so that desired 
functions are obtained. Namely, if basic gates (also called 
“basic cells”) based on the gate array system are partially 
embedded in the IC designed by the standard cell system or 
full custom system, and the plurality of embedded basic 
gates are electrically connected to one another and utiliZed 
in combination so as to implement the desired functions, 
then the mask used for the non-customiZed layer can be 
designed and fabricated prior to the formation of the cus 
tomiZed layer even in the case of the IC designed by the 
standard cell system or full custom system. 

[0029] Aprocess for designing such an IC as to alloW the 
mask for the non-customiZed layer to be designed and 
fabricated prior to the formation of the customiZed layer, 
using the standard cell system or full custom system Will 
neXt be explained. 

[0030] First of all, a Whole-circuit layout area of a semi 
conductor substrate (or chip) for forming the IC thereon is 
divided into an area (corresponding to a function cell block 
layout area) in Which a circuit is already determined and no 
change occurs in the circuit, and an area (corresponding to 
an area in Which a plurality of basic cells are arranged in 
line) having the potential of a change in circuit. 

[0031] NeXt, design resources based on the gate array 
system are blocked to effect layout design on the area having 
the potential of the change in circuit. The layout of the entire 
IC is designed While the blocked design resources based on 
the gate array system are being captured by a CAD (Com 
puter Aided Design) of the standard cell system or full 
custom system. Upon completion of the layout design of the 
entire IC, the design and fabrication of the mask related to 
the non-customiZed layer is started. 

[0032] Thereafter, When the contents of the circuit is 
determined in the area having the potential of the change in 
circuit, each gate array block corresponding to basic cell 
block is re-laid out using the CAD of the gate array system. 
The design and fabrication of the mask corresponding to 
each customiZed layer are started based on the re-laid out 
gate array block. Incidentally, the gate array block Whose 
circuit has been determined, is laid-out designed based on 
the non-customiZed layer formed by the previously-de 
signed and fabricated mask. Namely, the gate array block 
preceding the determination of the circuit and the gate array 
block subsequent to the determination of the circuit are 
respectively made up of the same basic gate group com 
prised of basic gates identical in number in both the vertical 
and horiZontal directions. 

[0033] An IC chip 1 according to the embodiment of the 
present invention Will neXt be explained With reference to 
FIGS. 1 and 2. The IC chip 1 comprises a chip peripheral 
portion 2 and a core macro portion 3. 

[0034] The chip peripheral portion 2 is made up of a 
plurality of I/O buffers 21 Which serve as interfaces betWeen 
the IC chip 1 and the outside thereof, and a plurality of pads 
22 to Which bonding Wires are electrically connected. 
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[0035] For example, a CPU core block 31, peripheral 
blocks 32, random logic blocks 33, and a gate array block 34 
are placed in the core macro portion 3 surrounded by the 
chip peripheral portion 2. The respective blocks are electri 
cally connected to one another through the use of metal 
Wires or interconnections. Circuit-designed design resources 
are used for the CPU core block 31, peripheral blocks 32 and 
random logic blocks 33. 

[0036] Transistors, Which constitute the CPU core block 
31, the peripheral blocks 32 and the random logic blocks 33, 
normally have arbitrary forms respectively and are designed 
according to the standard cell system or full custom system. 
On the other hand, the gate array block 34 is comprised of 
a plurality of basic gates 41 (e. g., MOS transistors) arranged 
in an array form as shoWn in FIG. 2. Logic elements or 
devices 42-1, 42-2, 42-3, 42-4, . . . (such as a NAND circuit, 
a NOR circuit, an inverter, etc.) are formed by utiliZing the 
basic gates 41 in combination. 

[0037] The functions of the logic devices 42-1, 42-2, 42-3, 
42-4, . . . are implemented by connecting respective termi 
nals of the transistors constituting the respective basic gates 
41 to one another through interconnections 43. The function 
of the gate array block 34 is implemented by connecting the 
respective logic devices 42-1, 42-2, 42-3, 42-4, . . . to one 
another through the use of metal interconnections 44 based 
on circuit connection information. 

[0038] The gate array block 34 constructed as described 
above is placed over the IC chip 1 together With the CPU 
core block 31, the peripheral blocks 32 and the random logic 
blocks 33 constituting the chip peripheral portion 2 and the 
core macro portion 3. Thus, the design of the layout of the 
IC chip 1 is completed. 

[0039] Since diffused layers, polysilicon layers, metal 
Wiring layers, etc. are conventionally formed after the design 
and fabrication of the masks When the IC is designed by the 
standard cell system or full custom system, it normally took 
several months to complete the IC. On the other hand, 
according to the IC chip 1 related to the embodiment of the 
present invention, it is possible to previously design and 
manufacture the mask corresponding to the non-customiZed 
layer during a logic-simulation stage, for eXample. Further, 
the design Work such as the logic simulation or the like is 
continuously performed in parallel With the design and 
fabrication of the mask. Thereafter, When the corresponding 
circuit for the gate array block 34 has determined, the gate 
array block 34 is lay-out designed again, and a mask 
corresponding to a customiZed layer is designed and fabri 
cated. 

[0040] When the fabrication of the non-customiZed layer 
is completed till the start of the fabrication of the customiZed 
layer, for eXample, a TAT required to take from the start of 
the fabrication of the customiZed layer to the completion of 
formation of all the layers of the IC chip 1 takes the same 
several Weeks as a manufacturing period of the customiZed 
layer. Namely, the period from the completion of the design 
of the IC to the completion of the fabrication of the IC chip 
can be greatly reduced by several months to several Weeks 
as compared With the prior art in Which the IC has been 
designed using the standard cell system or full custom 
system. 

[0041] According to the IC chip 1 related to the embodi 
ment of the present invention, When a circuit change occurs 
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in the gate array block 34, the IC chip can cope With such 
a circuit change by redesigning only the gate array block 34 
While the contents of the circuit of the non-customiZed layer 
is being maintained and designing and fabricating only the 
mask related to the gate array block 34 changed in design. 
Thus, the circuit change of the gate array block 34 can be 
terminated in a short period of time. 

[0042] The function of the circuit for the gate array block 
34 can be implemented by connecting the logic devices 
42-1, 42-2, 42-3, 42-4, . . . comprised of the basic gates 41 
to one another using the metal interconnections 44 formed in 
the customiZed layer. Namely, an IC having diversi?ed 
functional variations is manufactured by utiliZing a plurality 
of gate array blocks different in function in combination With 
one type of non-customiZed layer. 

[0043] While the present invention has been described by 
the preferred embodiment of the present invention While 
referring to the accompanying draWings, the present inven 
tion is not necessarily limited to the embodiment. 

[0044] While the IC chip 1 according to the present 
invention has been described in conformity With the CPU, 
for eXample, the present invention is not limited to this. The 
present invention is applicable even to other semiconductor 
integrated circuits such as a RAM, etc. 

[0045] According to the present invention, as has been 
described above, the time required to complete a semicon 
ductor integrated circuit inclusive of the design and fabri 
cation thereof can be greatly reduced. Further, the semicon 
ductor integrated circuit can be implemented by a chip small 
in area. 

What is claimed is: 
1. A method of manufacturing a semiconductor integrated 

circuit comprised of a plurality of functional blocks respec 
tively provided With predetermined functions by arbitrarily 
placed semiconductor devices, comprising the folloWing 
steps: 

a ?rst step for placing a basic cell block comprised of a 
plurality of basic cells arranged in line and a plurality 
of functional blocks Within a predetermined area of a 
semiconductor chip; 

a second step for designing necessary circuits in the basic 
cell block; and 

a third step for electrically connecting betWeen the basic 
cells lying Within the basic cell block by using inter 
connections. 

2. A method of manufacturing a semiconductor integrated 
circuit according With claim 1, said basic cell block is laid 
out by a standard cell system. 

3. A method of manufacturing a semiconductor integrated 
circuit according With claim 1, said ?rst step is laid out by 
standard cell system or a full custom system. 

4. A method of manufacturing a semiconductor integrated 
circuit according With claim 2, said ?rst step is laid out by 
standard cell system or a full custom system. 

5. A method of manufacturing a semiconductor integrated 
circuit according With claim 1, said third step is included 
electrically connecting betWeen said functional blocks by 
using interconnections. 
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6. A semiconductor integrated circuit comprising: 

a plurality of functional blocks respectively provided With 
predetermined functions by arbitrarily-placed semicon 
ductor devices; 

a basic cell block comprised of a plurality of basic cells 
arranged in line and electrically connected betWeen the 
basic cells lying Within the basic cell block by using 
interconnections according to a desired function for 
implement the desired function. 

7. A semiconductor integrated circuit according With 
claim 6, said functional blocks and said basic cell block is 
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laid out a ?rst area including a center positon in a surface of 
said semiconductor device. 

8. A semiconductor integrated circuit according With 
claim 7, said ?rst area surrounded With a second area made 
up of a plurality of I/O buffers. 

9. A semiconductor integrated circuit according With 
claim 6, a connecting betWeen said basic cells is used by 
standard cell system. 


